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(57) Abstract 

A method of making metallic iron which comprises heating a mixed powder of an iron oxide containing powder and a carbonaceous 
reducing agent containing powder in a state being laid on a hearth thereby conducting reduction and melting. Reduced iron with extremely 
low intrusion amount of slag ingredients and at high Fe purity can be obtained even by usig an iron oxide source of raw iron quality. No 
preliminary molding of the starting material powder into lumps or pellets shape is required. 
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WO 99/20801 PCT/JP98/04785 

DESCRIPTION 

METHOD AND APPARATUS FOR MAKING METALLIC IRON 



FIELD OF THE INVENTION 

The present invention concerns an improvement in the technique for 
obtaining metallic iron by heat reduction of iron oxides such as iron ores together 
with a carbonaceous reducing agent such as carbon material and it relates to a 
method and an apparatus for making metallic iron of separating slag ingredients 
intruded as gangue ingredients in iron oxide sources and capable of efficiently 
malring metallic iron at high purity. 

BACKGROUND ART 

As a direct iron making method of directly reducing iron oxides such as 
iron ores or iron oxide pellets with a carbon material or a reducing gas, a shaft 
furnace method typically represented by tire Midrex method has been known so far. 
The direct iron making method of this type comprises blowing a reducing gas 
produced from a natural gas or the like from a tuyere at a lower portion of a shaft 
furnace and reducing iron oxides utilizing the reducing effect of the gas to obtain 
metallic iron. Further, a reduced iron making process of using carbon material 
such as coal as a reducing agent instead of the natural gas has been noted in recent 
years and, concretely, a so-called SL/RN method has already been put to practical 
use. 

Further, as another method of making reduced iron, U. S. Patent No. 



WO 99/20801 PCT/JP98/04785 

3,443,931 discloses a process of making reduced iron by mixing a carbon material 
and a powdery iron oxide and forming them into lumps or pellets and heat 
reducing them on a rotary hearth to make reduce iron. 

Reduced iron made by the methods described above is charged as it is or 
after formed into briquette or like other shape to an electric furnace and used as an 
iron source. As recycling of iron scraps has become vigorous in recent years, the 
reduced iron obtained by the methods described above has been noted as a diluent 
for impurity elements intruding into the scraps. 

However, since a great amount of slag ingredients such as SiO^ AI2O3 and 
CaO contained in the iron oxides used as the starting material (gangues in the iron 
ores) or carbon material (ashes in the coal) are intruded in the reduced iron 
obtained by the existent reduced iron making method, the iron quality of the 
product (purity as the metallic iron) is lowered 

In practical use, such slag ingredients are separated and removed in the 
succeeding refining step but increase in the amount of the slag not only lowers the 
yield of refined molten metal but also gives an undesired effect on the operation 
cost of the electric furnace, so that reduced iron of high iron quality and with less 
content of the slag ingredient has been demanded However, for satisfying such a 
demand by the existent reduced iron making method described above, iron ores of 
high iron quality have to be used as the starting material for making the reduced 
iron, which greatly narrows the range for the selection of the starting material for 
iron making which can be put to practical use. 

In addition, in the existent method described above, it is necessary to mix 
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the iron oxide source and the carbon material and once mold preliminarily into 
lumps or pellets by means of a binder or sintering, so that a burden on the facility 
and operation for preliminary molding is increased inevitably. 

Further, a method as described in Japanese Patent Laid-Open Hei 9- 
256017 filed by the present applicant comprises preliminarily molding a mixed 
powder of a carbonaceous reducing agent and iron oxide into a spherical or pellet 
shape, heat reducing the preliminary molding product thereby forming and 
growing an iron metal shell on the outer surface of the molding product and 
increasing the reduction potential in the metallic iron shell thereby capable of 
efficiently reducing the iron oxide at the inside and efficiently separating resultant 
metallic iron and formed stag. Accordingly, this method can be said to be 
extremely effective as a method capable of obtaining metallic iron at high 
metallization. 

However, even this method stQl involves a problem that the starting 
mixture has to be preliminarily molded once into the spherical or pellet shape by 
means of a binder or sintering like that in the prior art described above, so that the 
burden on the facility and the operation for preliminary molding is increased 

Furthermore, Japanese Patent Laid-Open Hei 8-27507 discloses, as 
another direct reducing iron making method, a method of laying carbonaceous 
reducing powder containing a desulfurizer and powdery iron oxide each being 
stacked in a layered form on a movable hearth and heating them to obtain a 
sponge iron. It is empathized that since the iron oxide is reduced by the 
carbonaceous reducing agent and sulfur ingredients contained in the carbonaceous 
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reducing agent such as coal are captured by the desulfurizer, sponge iron with less 
sulfur content can be obtained and subsequent desulfurizing load can be 
moderated according to this method. 

However, while the method has a merit of not requiring preliminary 
molding of starting iron oxide material into a pellet or like other shape, the 
reducing efficiency is low to require a long time for heat reduction, since the iron 
oxide source and the carbonaceous reducing agent are not in direct contact with 
each other, which is not suitable to practical use in the industrial scale in view of 
the productivity. 

In addition, since the reduced iron is obtained as sponge iron in this 
method, a great amount of gangue ingredient is intruded into the sponge iron to 
lower the iron quality of the reduced iron. If the reduced iron of such low iron 
quality is supplied as an iron source to an electric furnacfe or the like, undesired 
effects are given on the qperabihty of the electric furnace by the increase in the 
amount of the resultant slag, as well as results in other various problems such as 
lowering of the iron yield due to loss of iron caused by intrusion into die slag, 
increase of the energy consumption unit, lowering of the productivity and the like. 
In addition, since such problems become more conspicuous as the iron content in 
the iron oxide source is lowered, it is almost impossible to use the iron or iron oxide 
source at low quality for starting materials in the actual operation, so that only an 
iron oxide source at high quality can be used. 



DISCLOSURE OF THE INVENTION 
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The present invention has been accomplished in view of the foregoing 
problems in the prior art and an object thereof is to provide a method and an 
apparatus capable of making reduced iron with less intrusion of slag ingredients 
and at high Fe purity, without requiring preliminary molding to lumps or pellets 
and even from an iron oxide source of low quality as well as from an iron oxide 
source of high quality. 

A manufacturing method according to the present invention capable of 
overcoming the foregoing problems comprises heating a mixed powder of an iron 
oxide containing powder and a carbonaceous reducing agent containing powder in 
a state being laid on a hearth, thereby conducting reduction and melting, without 
previously molding the powder into a pellet or like other shape. 

In a preferred embodiment of this method, the mixed powder laid on the 
hearth is pressed into a compact state and then heated. When the powder 
mixture laid on the hearth is heated after pressed into a compact state, the iron 
oxide surface and the carbonaceous reducing agent are brought into more intimate 
contact with each other to further increase the heat reducing efficiency preferably. 

In another embodiment of this method, the layer of the mixed powder is 
formed with unevenness and then heated. When the mixed powder is heated 
after forming unevenness on the surface of the mixed powder layer thereby 
increasing the surface area, the heat reducing efficiency is further improved by the 
enlargement of the effective heating area. 

In a further embodiment of this method, a product releasing promotion 
layer is previously farmed on the hearth. In the present invention, the mixed 
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powder laid on the hearth is heat reduced and melted as described above in which 
the molten reduced iron at high specific gravity may possibly be in direct contact 
with the hearth surface to thermally deteriorate refractories on the floor surface, or 
the reduced iron is deposited to the hearth surface upon discharging the products 
(reduced iron and formed slag) from the hearth surface after reduction an d melting 
to possibly hinder the dischargeability. Provision of the product releasing 
promotion layer that also serves as heat protection can facilitate discharge of the 
product of the hearth and extend the working life of the hearth. 

In a further preferred embodiment of this method, the mixed powder 
further contains a desulfurizer. The desulfurizer contained in the mixed powder 
captures the sulfur content formed in the heat reducing and melting step to reduce 
the sulfur content in the resultant reduced iron preferably. 

An apparatus for making metallic iron according to the present invention 
used preferably for practicing the making method as described above comprises: a 
movable hearth, a supply mechanism for supplying a mixed powder of an iron 
oxide containing powder and a carbonaceous reducing agent containing powder on 
the hearth, a heating mechanism for heating the mixed powder on the hearth, a 
discharge mechanism for discharging a product reduced and melted by heating to 
the outside of the hearth and a separation mechanism for separating the product 
into reduced iron and slag, a preferred embodiment of this apparatus comprises a 
pressing mechanism for pressing the mixed powder laid on the hearth. 

A preferred embodiment of this apparatus comprises an unevenness 
formin g mechanism for forming a unevenness to a layer of the mixed powder. 
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A preferred embodiment of this apparatus comprises a product releasing 
promotion layer forming mechanism for forming a product releasing promotion 
layer on the hearth. 

Li a preferred embodiments of this apparatus the hearth comprises a 
plurality of hearth units moving along a closed loop, comprises a plurality of 
reciprocating hearth units, or the hearth is of a rotational disk-shape. 

In a preferred embodiment of this apparatus, the hearth comprises a 
plurality of hearth units rotating coaxiafly in the inside of a horizontally placed 
cylindrical refractory furnace. 

In such embodiments, a series of steps of supplying the starting powder 
mixture through heat reduction and melting and discharging of the products can 
be made continuous and this is preferred for practicing the apparatus in an 
industrial scale. 

As described above in the iron making method of the present invention, a 
mixed powder of an iron oxide containing powder and a carbonaceous reducing 
agent containing powder (hereinafter sometimes referred to as a carbon material) 
is reduced and melted by heating in a state being laid on a hearth thereby 
obtaining a metallic iron. Namely, since the iron oxide source and the carbon 
material are used in a powdery state and being mixed in this method, preliminary 
molding to lumps or pellets is no more required. Further, in this method, since the 
iron oxide source and the carbon material are put to heat reduction in a state 
mixed and adjacent with each other in the powdery state, heat reduction proceeds 
rapidly and reduction can be processed efficiently by heat treatment in a relatively 
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short period of time. Further, in this method, since reduced iron formed by heat 
reduction is successively melted by heating and metallic iron is fused and 
agglomerated to each other while expelling slag ingredients, reduced iron with 
extremely less intrusion amount of the slag ingredients and high purity can be 
obtained even when an iron oxide source of low quality is used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an explanatory plan view for a portion of an apparatus 
illustrating a preferred embodiment of the present invention; 

Fig. 2 is transversal cross sectional view of an apparatus shown in Fig. 1; 

fig. 3 is a schematic explanatory plan view of an apparatus illustrating 
another embodiment of present invention, 

fig. 4 is a schematic vertical cross sectional view showing, in an enlarge 
scale, a heat reducing and melting section and a separating section of the 
apparatus shown in Fig. 3; 

Fig. 5 is a schematic cross sectional view taken along line B-B in Fig. 3; 

Fig. 6 is a schematic cross sectional view taken along line C-C in Fig. 3; 

and 

Fig. 7, Fig. 8 and Fig. 10 are schematic vertical cross sectional views 
illustrating further embodiments of the present invention; and 

fig. 9 is a schematic transversal cross sectional view of Fig. 8. 

BEST MODE FOR CARRYING OUT THE INVENTION 
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The method of and the apparatus for making metallic iron according to 
the present invention will be explained more specifically with reference to the 
drawings illustrating preferred embodiments of apparatus for making metallic iron 
according to the present invention but the invention is not restricted to the 
illustrated embodiments but may be practiced by appropriate design change within 
a scope not departing the gist of the present invention as described above and to be 
described later which are also encompassed within a technical range of the present 
invention. 

Fig. 1 and Fig. 2 illustrate an apparatus for making metallic iron 
according to the present invention, in which Fig. 1 is a schematic plan view with a 
ceiling portion being opened and Fig. 2 is a schematic transversal cross sectional 
view of Fig. 1. In the drawings, are shown, a heating furnace 1, starting material 
supply sections 2a, 2b, hearth units 3a, 3b, rails 4 for moving the hearth units, a 
burner 5 constituting a heating mechanism, and a melting separation furnace 6 
constituting a separating section respectively. 

In this embodiment, as shown in the drawings, pallet-like hearth units 3a, 
3b are disposed such that they can reciprocate on the rails 4 in the heating furnace 
1 being disposed to a central portion put between the starting material supply 
sections 2a, 2b. A mixed power of an iron oxide source and a carbon material is 
supplied at a starting material supply portion 2a (or 2b) in the hearth unit 3a (or 
3b) to an appropriate thickness. The mixed powder layer may be pressed into a 
compact state, or further formed with unevenness on the surface depending on the 
case, and then moved into the heating furnace 1 (Fig. 1 shows a state of supplying 



- 9 - 



WO 99/20801 PCT/JP98/04785 

a starting material mixed powder into die hearth unit 3a at the starting material 
supply portion 2a in an upper portion of the drawing and then moving the unit 3a 
to the heating furnace 1), in which it is heated by the burner 5 to proceed reduction 
and melting. 

The iron oxide source in the starting material mixed powder laid on the 
hearth unit 3a and sent into the heating furnace 1 receives heat from the burner 5, 
reduced by the carbon material in the mixed powder and carbon monoxide formed 
from the carbon material, and further heated and melted while being carburized by 
the carbon content from the adjacent carbon material. In this process, molten 
reduced iron is adhered and agglomerates to each other while expelling by- 
produced slag ingredients and gradually grown into large lumps of molten reduced 
iron. Accordingly, when they are heated for a predetermined period of time in the 
heating furnace 1, the molten reduced iron formed by reduction and adhered to 
each other into agglomerates in the hearth unit 3a forms larger lumps, hi the 
molten lump of the reduced iron, molten reduced iron is adhered and agglomerated 
to each other while expelling the slag ingredients as described above in which only 
the slag ingredients are deposited on the surface but the slag ingredients do not 
substantially intrude to the inside. 

After completing the reduction and melting, the hearth unit 3a is tilted by 
a not illustrated optional tilting device toward the melting and separation furnace 
6. The product is discharged from the hearth unit 3a to the melting and 
separation furnace 6, further heated to increase the fluidity in the melting 
separation furnace 6 when the temperature of the product is lowered, and then the 
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reduced iron Fe and slag S are separated due to the difference of the specific 
gravity, to draw the slag S from the surface portion and the metallic iron Fe from 
the bottom portion. 

Hie hearth unit 3a after completion of the discharge of the product is 
moved to the starting material supply portion 2b shown in a lower portion of Fig. 1, 
the hearth unit 3b which has been already supplied with the starting material at 
the starting material supply portion 2a and caused to stand-by, is sent into the 
heating furnace 1, and the starting material mixed powder is heat reduced and 
melted in the same manner as described above. Meanwhile, the stalling material 
is supplied (optionally with pressing or formation of surface unevenness) to other 
hearth unit in the starting material supply portion 2b shown in a lower portion of 
the drawing and is caused to stand-by for the next heat reduction and melting. 
Then, after discharging the reduced product from the hearth unit completed with 
heat reduction in the. melting furnace 1, the hearth unit is moved to an upper 
portion of the drawing and delivered out of the heating furnace 1, while the hearth 
unit caused to stand-by in the starting material supply portion 2b is sent into the 
starting furnace 1. By repeating the operations, the starting material mixed 
powder can be intermittently heat reduced and melted continuously. 

When the method is practiced, exhaust gases discharged from the heating 
furnace 1 contain considerable amount of heat and combustible gases (carbon 
monoxide and the like), if the exhaust gases are recycled as the fuel for the burner 
5, they can contribute to the economization of the fuel cost, or they can be utilized 
effectively as a heat source or a fuel for facflitifis in neighborhood. 
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shape such as a trapezoidal shape at a plurality of positions with an appropriate 
spacing. Hie term laid on the hearth" in the present invention also includes such 
arrangements for placing. 

While the starting material mixed powder laid on the hearth unit may be 
merely made uniform in the thickness by an appropriate leveling mechanism. It 
is more preferred to compress the powder into a compact state, for example, by a 
press roller such that iron oxide and carbon material are brought into more 
intimate contact, since the reducing efficiency can be increased more. Pressing 
into compact state means herein that the powder starting mixture is pressed and 
solidified while making the inter-granule distance of the starting material powder 
closer. This is essentially different, for example, from the prior art as described in 
Japanese Patent Laid-Open Hei 9-256017 in which the powder is preliminarily 
molded into lumps or pellets by using a binder or by means of sintering. 

Upon applying the pressing treatment, if unevenness is formed on the 
surface of the pressed layer to enlarge the surface area, since heat from above can 
be efficiently transmitted to the inside of the mixed powder layer and release of 
CO2 formed by the reducing reaction can also be accelerated, the reducing efficiency 
is further improved. There is no particular restriction on the shape of the 
unevenness but it may be in an optional shape such as linear, corrugating or 
lattice-like shape. If the unevenness is formed so as to partition the pressed layer 
to a lattice-like configuration of an appropriate size, metallic iron formed by heat 
reduction in each lattice is agglomerated into a molten lump and formed as a 
metallic iron lump of substantially uniform size, so that subsequent treatment 
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(separation by sieving from the slag ingredient) is preferably standardized easily. 

There is no particular restriction on the operation temperature upon heat 
reduction providing that die temperature is higher than the level capable of 
melting metallic iron or its carbonization product formed by reduction. In order to 
efficiently proceeded the heat reduction while minimizing the thermal degradation 
of the lined refractories of the heating furnace 1 or the hearth unit, it is within a 
range from 1350 to 1550°C, and more preferably, from 1400 to 1500°C. 

Fig. 3 to Fig. 6 show another embodiment of the present invention in 
which Fig. 3 is a schematic plan view, fig. 4 is a schematic vertical cross sectional 
view of a region A in Fig. 3, Fig. 5 and Fig. 6 are, respectively, schematic cross 
sectional views taken along lines B-B and C-C in Pig. 3. 

In the apparatus of this embodiment, a plurality of hearth units 3, 3, 

are arranged on a moving mechanism rotationaHy moving continuously along a 
track-like closed loop in which each of the operations for the starting material 
mixed powder o£ supplying -> pressing to compact state (further, unevenness 
formation) heat reducing and melting -> discharging of products can be 
conducted continuously in the course of rotational movement along the track- 
shaped loop. 

Specifically, in Fig. 3, are shown starting material supply sections 7a, 7b, 
pressing (or further unevenness formation) sections 8a, 8b, heat reduction zones D 
and E and product discharging sections 9a, 9b respectively in which the track- 
shaped loop is bisected such that two steps of heat reduction and melting can be 
conducted continuously in one loop. 
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Starting material powder supplied on the hearth unit 3 at the starting 
material supply portions 7a, 7b is pressed into a compact state in the pressing 
sections 8a, 8b, then sent to the heating zones D, E, and receives heat from a 
heating mechanism such as a burner 5 in the regions D, E to proceed heat 
reduction. Then, the hearth pallet 3 arriving at the discharged portions 9a, 9b 
after completing reduction and melting is tilted by an optional tilting device as 
shown in Pig. 4 and Fig. 6, by which the products at the inside (reducing and 
melting product) is discharged to a melting and separation furnace 6 and the 
reduced iron Fe and the formed slag S are successively separated due to the 
difference of the specific gravity. 

Further, in this embodiment, as shown in Fig. 3 and Fig. 4, secondary 
starting material supply portions 10a, 10b are disposed each about at an 
intermediate position of the heating zones D, E, so that the starting material mixed 
powder can be secondarily supplied at the portion. That is, even if the starting 
material supplied as the powdery mixture is previously applied with pressing, the 
volume thereof is decreased to about 1/2 - 1/3 by the burning of the carbon material 
and the reduction of the iron oxide in the heat reducing and melting step. 
Therefore, if the operation is continued as it is, the effective processing performance 
of the hearth unit 3 (inner volume) can not be utilized fully in the latter half of the 
heat reduction. Accordingly, it is extremely effective for improving the 
productivity to additionally charge the starting material mixed powder in an 
amount corresponding to the reduced volume from the secondary supply portions 
10a, 10b at the time the volume of the starting material mixed powder is decreased 
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in each of the hearth units 3 in the course of the heat reduction as shown in the 
drawing and successively proceed the heat reduction. 

Fig. 7 is a schematic vertical cross sectional view illustrating a further 

embodiment of the present invention in which a plurality of hearth units 3, 3, 

are secured to a caterpillar type rotational driving device in which a series of steps 
for the starting material mixed powder o£ supplying -* pressing to compact state 
heat reduction and melting -* discharging can be practiced continuously along 
the dosed loop. That is, as shown in the drawing, the starting material is supplied 
from a starting material supply portion 7 at the left end in the upper portion of the 
closed loop onto the hearth unit 3, the starting material powder is pressed by a 
pressing roller 8 and optionally formed with unevenness and, successively, sent to 
and heated by a heating section 1 having a heating mec h a nism such as burners 5, 
by which reduction and melting are proceeded in the same manner as explained for 
the previously illustrated embodiment Then, the product is cooled by a cooling 
mechanism 12 disposed at the downstream to the heating section and, when the 
product reaches the right end of Hg. 7, the hearth unit 3 is tilted in accordance 
with the rotation thereof; and the product is peeled off the hearth unit 3 and 
spontaneously fallen downwardly by its own weight Accordingly, the product 
may be received in a downward place, pulverized and then separated into metallic 
iron and slag, for example, by magnetic selection. 

Upon practicing this method, it is necessary that the product can be 
peeled easily from the hearth unit 3 and fallen. For this means, a product 
releasing promoter supply portion 13 is disposed in the lower portion of the closed 
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loop and the product releasing promoter such as an MgO liquid suspension is 
deposited to a receiving surface of the hearth unit 3 at the position in this 
embodiment Hie floor release promoter facilitates peeling of the product from the 
surface of the hearth unit as described above and there is no particular restriction 
on the kind of the promoter so long as it preferably comprises a compound having a 
melting point higher than that of reduced iron or produced slag, or a compound 
intruding into the formed slag to increase the melting point of the slag. In view of 
the product releasing promoting effect and the cost; most preferred are metal 
oxides such as MgO, CaO, AkDs or composite oxides containing them. Deposition 
of the product releasing promoter on the surface of the hearth unit is preferred 
since the product can be released from the floor as described above and the thermal 
degradation for the surface of the hearth unit can also be suppressed to extend the 
working life. Further, the product releasing promoter can also be supplied in a 
powdery form before the starting material powder supply portion in addition to the 
illustrated embodiment 

Also in the embodiment shown in Fig. 7, it is effective to recover exhaust 
gases discharged from the heat reducing and melting section through a duct 14 
and effectively utilize heat possessed therein or combustible gases contained in the 
exhaust gases as heat energy or fuels. 

Fig. 8 and Fig. 9 are, respectively, a schematic vertical cross sectional view 
and a schematic transversal cross sectional view illustrating a further embodiment 
of the present invention, showing an apparatus of conducting heat reduction and 
melting on a disc-like hearth 3 rotating in a furnace formed into a doughnut shape. 
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The apparatus has a constitution in which the disc-like hearth 3 rotates 
like that a turn table in a doughnut-shaped heating furnace 1 in which a starting 
material mixed powder is supplied from a starting material supply portion 7, the 
mixture is pressed by a pressing roller 8, and reduction and melting are proceeded 
by the heat from burners 5. Then, after cooling the reduction product in a cooling 
zone 12, the product is discharged by a screw type discharging mechanism 15 
disposed at the downstream while being peeled from a floor surface, and the dag 
ingredients and the reduced iron are separated by a sieve or a magnetic selection 
device not illustrated Also upon practicing this method, it is effective to coat or 
spray a product releasing promoter just upstream of the starting material supply 
portion 7 for the promotion of product releasing and suppression of thermal 
degradation of the hearth, as well as unevenness is formed on the surface of the 
pressed layer by a portion of the pressing roller 8 to improve the heat reducing 
efficiency and, further, to effectively utilize the exhaust gases from the heating 
portion. 

Fig. 10 is a schematic cross sectional view illustrating a further 
embodiment of the present invention comprising a plurality of hearth units 3a, 3b, 

3c, rotating coaxially along a horizontally direction in a cylindrical refractory 

furnace A and having a structure of rotating them by an optional driving source 
along the inner circumferential wall of the refractory furnace A. A starting 
material supply portion 7 and a product discharging portion 9 are disposed at 
optional positions of the refractive furnace A, and a preheating burner 5a just 
before the starting material supply position, heating burners 5b, 5b, disposed 
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downstxeam thereof in the rotating direction and a blow cooling portion 12a 
disposed further downstream thereto are disposed along the rotating direction of 
the hearth unit 

When reduction and melting are conducted by using the apparatus, a 
starting material mixed powder is charged from the starting material supply 
portion 7 into the furnace A till the hearth unit 3a preheated by a preheating 
burner 5a is rotated and reaches the starting material supply portion 7. The 
charged starting material mixed powder receives heat from the burner 5b while 
rotating being placed on the hearth unit 3a and reduced successively to form 
reduced iron, while the slag ingredients are separated successively. Then, at the 
further downstream, a cold blow from a blow cooling portion 12 is sent to cool and 
solidify the metallic iron and the slag ingredient formed by reduction and melting 
which are then discharged from a product discharge portion 9 successively out of 
the furnace A to separate the metallic iron and the slag ingredients, for example, 
by magnetic selection. Hie reduced iron can be manufactured continuously by 
continuously conducting the operation for the starting material mixed powder of 
charging -> heat reduction and melting -> cooling and solidification -> discharging 
-> separation of metallic iron. 

While an example of once coding to solidify the metallic iron formed by 
reduction and melting in the furnace A and then discharging the same out of the 
furnace A is shown, it is also effective to dispose the heating burner also to the blow 
cooling portion in the illustrated embodiment, melt the reduced iron and the slag 
ingredients entirely in the portion and then discharging them in a molten state 
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from the discharge portion 9. 

Hie method and Hie apparatus according to the present invention have 
been constituted, for example, as described above. The most prominent feature of 
the invention is to heat reduce under heating a mixture of the iron oxide source 
and the carbonaceous reducing agent in a powdery state as described above and 
the resultant reduced iron is sep arated in a molten state from the slag ingredients 
thereby capable of suppressing the intrusion of slag ingredients in the metallic iron 
to obtain reduced iron at high Fe purity. By the use of the method and the 

r 

apparatus, reduced iron of extremely high Fe purity, for example, 95% or higher 
and, further, 98% or higher of the Fe content even from an iron oxide source of low 
quality with less iron oxide content, as well as from an iron oxide source with high 
quality. Accordingly, the present invention can effectively recover the Fe 
component even from wastes containing a small amount of iron oxides discharged, 
for example, as a blast furnace dusts. Further, it is also effective to improve the 
recovery rate of the Fe component by recycling the separated slag as the starting 
material and further recovering the iron oxide comp orient mixed in a small amount 
in the slag. 

By the way, as the carbonaceous reducing agent used in admixture with 
the iron oxide source, a coal powder or coke powder is most general. However, 
since a considerable amount of sulfur is contained in them, it may be a worry that a 
considerable amount of sulfur is mixed in the reduced iron formed in the heat 
reduction step to increase the desuMurization load in the subsequent refining step. 
However, when practicing the present invention, if a desulfurizer containing, for 
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example, calcium carbonate, sodium carbonate, or calcium chloride is incorporated 
in an appropriate amount in the starting material mixed powder, so that the sulfur 
content formed in the heat reducing step can be captured by the desulfurizer and 
separated and removed together with the slag, it is possible to also reduce the 
sulfur content in the resultant reduced iron as low as possible. 

Example 

The constitution, as well as the function and the effect of the present 
invention will be explained more concretely with reference to examples. It should 
however be noted that the present invention is not restricted by examples specified 
below and can be practiced with appropriate moderations or changes within a 
scope capable of conforming the gist as described previously and to be described 
later, all of which are encompassed within the technical scope of the present 
invention. 
Example 1 

An iron ore powder and a coal powder each of the following ingredient 
composition were homogeneously mixed at the following ratio and the mixed 
powder (average grain size: 35 Um) was laid on a refractory tray at 100 mmD X 
40 mm thickness, which were charged in an electric furnace and heated at 1400°C 
in a nitrogen gas atmosphere, and the change of the mixed powder was observed 
through a view window. 

As a result, reduction of the iron ores proceeded along with the elapse of 
time, reduced molten iron was formed spotwise and then deposited and 
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agglomerated successively and, after elapse of about 50 min, separated into a 
plurality of reduced iron lumps and slag in a molten state. Subsequently, they 
were coded, and the tray was taken out of the electric furnace, to obtain a plurality 
of metallic iron lumps with metallic gloss and black slag of the following ingredient 
compositions. 
Starting Material Mixed Powder 

Iron Ore Powder Composition (wt%) 

TJFe: 69.4%, FeO: 30.1%, SiCfe: 1.75%, 
AkOs: 0.49%, CaO: 0.45% 
Coal Powder Composition (wt%) 

Kxed carbon: 68.5%, Volatile component 21.4%, Ash: 10.1%, 
Iron Ore Powder : Coal powder = 76.9%: 23.1% 
Product Composition (wt%) 
Reduced Iron Lump 

TJte 96.75%, FeO: 0.31%, MFe: 96.39%, 
Total carbon: 2.22%, Metallization: 99.63% 

Slag 

TJFe: 5.15%, FeO: 0.56%, MJFe: 4.58%, 
SiO* 44.63%, AI2O3: 19.18%, CaO: 10.38% 

Example 2 

A mixed powder formed by homogeneously mixing the same iron ore 
powder and the coal powder as used in Example 1 at an identical ratio (average 
grain size: 35 fi m) was arranged by the number of 9 on a refractory tray in a state 
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each compacted into a trapezoidal shape (upper surface 20 mmO X lower surface 
35 mm □ X 30 mm thickness), which were charged in an electric furnace and 
heated at 1400 °C in a nitrogen gas atmosphere and the change of the mixed 
powder was observed through a view window. 

As a result, reduction of the iron ores proceeded along with the elapse of 
time, reduced molten iron was formed spotwise and then deposited and 
agglomerated on every nine blocks successively and, after elapse of about 17 min, 
nine molten reduced iron lumps were formed. Subsequently, when they were 
cooled and the tray was taken out of the electric furnace under cooling, nine lumps 
of metallic iron with metallic gloss and black slag of the following ingredient 
compositions were obtained 
Product Composition (wt%) 
Reduced iron Lump 

TJFe: 96.35%, FeO: 0.30%, MFe: 95.96%, 
Total carbon: 2.75%, Metallization: 99.59% 

Slag 

TF e: 10.66%, FeO: 2.37%, MJFe: 8.57%, 
SiO* 49.42%, AbO* 17.40%, CaO: 9.51% 

EXPLOITATION IN INDUSTRY 

As described above, reduced iron of high Fe purity can be obtained 
extremely simply and efficiently by heat reducing and melting a mixed powder of 
an iron oxide source and a carbonaceous reducing agent as it is or in a compacted 
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state. Particularly, since preliminary molding to a lump or pellet shape as in the 
direct reducing iron making method practiced most generally at present is not 
required at all and, in addition, the reducing reaction proceeds rapidly in a state in 
which the iron source and the reducing agent are brought into contact with each 
other, the reducing efficiency is extremely high. Further, since the reduced iron 
formed by reduction is adhered and agglomerated to each other in a molten state 
while expelling the slag ingredients, reduced iron with less intrusion amount of the 
slag ingredients and of extremely high Fe purity can be obtained easily even by 
using an iron oxide source of law iron quality as well as using an iron oxide source 
of high iron quality. Therefore, it is possible to effectively recover the iron 
components from raw material of iron ores at law quality which have been 
considered not utOizable as the material for direct iron making in an industrial 
scale so far, also from waste materials, for example, waste materials with less iron 
content discharged as blast furnace dust 

Further, use of the apparatus according to the present invention enables 
continuous direct iron making by process using a powdery starting material 
mixture and can cope with mass production in an industrial scale easily. 

The entire disclosure of Japanese Patent Application No. 9-291378 filed 
on October 23, 1997 including specification, claims, drawings and summary are 
incorporated herein by reference in its entirety. 
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L A method of making metallic iron which comprises heating a mixed 
powder of an iron oxide containing powder and a carbonaceous reducing agent 
containing powder in a state being laid on a hearth, thereby conducting reduction 
and melting. 

2. A method as defined in claim 1, wherein the mixed powder laid on the 

hearth is pressed and then heated 

3. A method as defined in claim 1 or 2, wherein a layer of the mixed 

powder is formed with unevenness and then heated 

4. A method as defined in any one of claims 1 to 3, wherein a product 
releasing promotion layer is previously formed on the hearth. 

5. A method as defined in any one of claims 1 to 4, wherein the mixed 
powder further contains a desulfurizer. 

6. An apparatus for making metalhc iron comprising: 
a movable hearth, 

a supply mechanism for supplying a mixed powder of an iron oxide 
containing powder and a carbonaceous reducing agent containing powder on the 
hearth, 

l heating mechanism for heating the mixed powder on the hearth, 
discharge mechanism for discharging a product reduced and melted by 
heating to the outside of the hearth and a separation mechanism for separating the 
product into reduced iron and slag. 
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7. An apparatus as defined in claim 6, comprising a compression 
mechanism for pressing the mixed powder laid on the hearth. 

8. An apparatus as denned in claim 6 or 7, comprising an unevenness 
forinmgmechanismfor lorming a unevenness to alayer of the mixedpowder. 

9. An apparatus as defined in any one claims to 6 to 8, co mp risin g a . 
product releasing promotion layer forming mechanism for finding a product 
releasing promotion layer on the hearth. 

10. An apparatus as defined in any one of claims 6 to 9, wherein tile 
hearth comprises a plurality of hearth units moving along a closed loop. 

11. An apparatus as denned in any one of claims 6 to 9, -wherein the 
hearth comprises a plurality of reciprocating hearth units. 

12. An apparatus as denned in any one of claims 6 to 9, wherein the 
hearth is of a rotational disk-shape. . 

13. An apparatus as defined in any one of claims 6 to 9. wherein the 
hearth comprises a plurality of hearth units rotating coaxially in the inside of a 
horizontally placed cylindrical refractory furnace. 
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